Background: Autism spectrum disorders (ASDs), characterized by impaired social interactions and deficits in verbal and nonverbal communication, are thought to affect 1 in 88 children in the United States. There is much support for the role of growth factors in the etiology of autism. Recent research has shown that epithelial growth factor (EGF) is decreased in young autistic children (2-4 years of age). This study was designed to determine plasma levels of EGF in an older group of autistic children (mean age 10.6 years) and to correlate these EGF levels with putative biomarkers HGF, uPA, uPAR, GAD2, MPO GABA, and HMGB1, as well as symptom severity of 19 different symptoms. Subjects and methods: Plasma from 38 autistic children, 11 children with pervasive developmental disorder (PDD-NOS) and 40 neurotypical, age and gender similar controls was assessed for EGF concentration using ELISAs. Severity of 19 symptoms (awareness, expressive language, receptive language, (conversational) pragmatic language, focus/attention, hyperactivity, impulsivity, perseveration, fine motor skills, gross motor skills, hypotonia (low muscle tone), tiptoeing, rocking/pacing, stimming, obsessions/fixations, eye contact, sound sensitivity, light sensitivity, and tactile sensitivity) was assessed and then compared to EGF concentrations. Results: In this study, we found EGF levels in autistic children and those with PDD-NOS to be significantly lower when compared with neurotypical controls. EGF levels correlated with HMGB1 levels but not the other tested putative biomarkers, and EGF correlated negatively with hyperactivity, gross motor skills, and tiptoeing but not other symptoms. Conclusions: These results suggest an association between decreased plasma EGF levels and selected symptom severity. We also found a strong correlation between plasma EGF and HMGB1, suggesting inflammation is associated with decreased EGF.
Introduction
Autism spectrum disorders (ASDs) comprise a complex and heterogeneous group of pathological conditions characterized by impaired social interactions, deficits in verbal and nonverbal communication, and a limited interest in the surrounding environment associated with stereotyped and repetitive behaviors. 1 Growth factors regulate the processes of neuronal growth, differentiation, and proliferation, as well as regulating neuronal survival, neuronal migration, and the formation or elimination of synapses. 2 They have also been found to be immune modulators. [3] [4] [5] [6] Studies indicate that there is immune dysfunction in the nervous system [7] [8] [9] [10] [11] in children with autism and this abnormal function may be associated with dysregulation of growth factor activity.
In the central nervous system (CNS), epithelial growth factor (EGF) plays an important role in controlling proliferation and differentiation of nervous tissue during neurogenesis. 12 It also promotes wound healing. 14 Studies have shown a possible association between EGF and autism. An increased frequency of EGF single nucleotide polymorphisms has been reported in children with autism. 16 Lower plasma EGF levels have been found in adults with autism, 15 but in one report where EGF was measured in serum in 27 autistic children and 28 age-matched normal controls, children with autism had increased levels of EGF. 13 Another report recently found decreased EGF levels in the plasma of 49 children 2 to 4 years of age with ASD. 27 High mobility group box-1 (HMGB1) has been shown to be a key mediator of inflammatory diseases. It is a nuclear protein that triggers inflammation, binds to lipopolysaccharides (LPS) and IL-1, and initiates and synergizes with a Toll-like receptor (TLR) 4-mediated pro-inflammatory response. 17 After proinflammatory stimulation, such as that by LPS, TNF-α, IL-1, IL-6, and IL-8, HMGB1 is actively released from activated monocytes and macrophages. Regulation of HMGB1 secretion is important for control of HMGB1-mediated inflammation and is dependent on various processes such as phosphorylation by calcium-dependent protein kinase C, 18 as well as acetylation and methylation. 19 In a recent study, HMGB1 and TLR4 were involved in the generation and recurrence of seizures in experimental animals. 20, 21 This study was designed to determine plasma levels of EGF in an older group of children with autism (mean age 10.6 years), as well as children classified as PDD-NOS, and correlate these EGF levels with putative biomarkers HGF, uPA, uPAR, GAD2, GABA, and HMGB1. We also compared EGF levels with symptom severity of 19 different symptoms.
Materials and Methods
ELISA was used to measure plasma EGF, HMGB1, GABA and other putative biomarkers (ELISA kits, R&D Systems, Minneapolis, MN and USCN Life Sciences, Wuhan, China).
All reagents and specimens were equilibrated to room temperature before the assay was performed. A 1:51 dilution of the patient samples was prepared by mixing 10 µL of the patient's plasma with 0.5 mL of plasma diluent. One hundred microliters of calibrators Eu/ml antibodies), positive and negative control plasma, plasma diluent alone, and diluted patient samples were added to the appropriate microwells of a microculture plate (each well contained affinity purified polyclonal IgG to HGF or GABA). Wells were incubated for 60 minutes (±5 minutes) at room temperature, then washed 4 times with wash buffer. One hundred microliters of prediluter antihuman IgG conjugated with HRP was added to all microwells, incubated for 30 minutes (±5 minutes) at room temperature, then washed 4 times with wash buffer. One hundred microliters of enzyme substrate was added to each microwell. After approximately 30 minutes at room temperature, the reaction was stopped by adding 50 µL of 1 M sulfuric acid, then the wells were read at 405 nm with an ELISA reader (BioRad Laboratories, Inc., Hercules, CA, USA).
Serums
All experimental and control serums were treated in an identical fashion, that is, frozen at −70 °C immediately after collection and cell/serum separation, then stored at −70 °C until thawed for use in ELISAs.
Subjects
Plasma from 38 autistic children, 11 children with pervasive developmental disorder (PDD-NOS) and 40 neurotypical, age and gender similar controls was assessed for EGF plasma concentration using ELISAs.
It should be noted that the diagnostic criteria used in this study (children with autism and pervasive developmental disorder-not otherwise specified [PDD-NOS]) are defined by Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) criteria. In 2012, the separate diagnostic labels of autistic disorder, Asperger's disorder, and PDD-NOS were replaced by one umbrella term, autism spectrum disorder.
Plasma from consecutive individuals with diagnosed autism (n = 38; 32 male; mean age 10.6 years), pervasive developmental disorder (PDD) (n = 11; 8 male; mean age 10.9 years) and controls (n = 40; 36 male; mean age 9.5 years) were all obtained from patients presenting at the Health Research Institute/ Pfeiffer Treatment Center, a comprehensive treatment and research center, specializing in the care of with neurological disorders, including autism. Neurotypical control serums, were obtained from the Autism Genetic Resource Exchange (AGRE), a repository of biomaterials and phenotypic and genotypic data to aid research on autism spectrum disorders. The autistic individuals met the DSM-IV criteria, and many were diagnosed using The Autism Diagnostic Interview-Revised (ADI-R) before presenting for treatment at the Pfeiffer Treatment Center.
Patient consent was obtained from all patients involved in this study, and this study was approved by the institutional review board of the Health Research Institute/Pfeiffer Treatment Center.
Severity of disease
An autism symptom severity questionnaire was used to evaluate symptoms. The questionnaire (Pfeiffer Questionnaire) asked parents or caregivers to assess the severity of the following symptoms: awareness, expressive language, receptive language, (conversational) pragmatic language, focus, attention, hyperactivity, impulsivity, perseveration, fine motor skills, gross motor skills, hypotonia (low muscle tone), tiptoeing, rocking/pacing, stimming, obsessions/ fixations, eye contact, sound sensitivity, light sensitivity, and tactile sensitivity. The symptoms were rated by parents/ guardians on a scale of 0 to 5 (5 being the highest severity) for each of these behaviors.
Statistics
Inferential statistics were derived from unpaired t test and odds ratios with 95% confidence intervals.
ANOVA was used to assess variance between groups. Pearson moment correlation test was used to establish degree of correlation between groups.
Results
In this study, we found that plasma levels of EGF in children with autism (m = 122 ± 94 pg/mL) and those with PDD-NOS (m = 252 ± 212 pg/mL) were significantly lower when compared with neurotypical controls (m = 656 ± 419 pg/mL) (ANOVA, P , 0.0001) (Fig. 1) .
EGF levels correlated with HMGB1 levels (r = 0.5; P = 0.009) (Fig. 2) and GABA (r = −0.3; P = 0.06) (Fig. 3) , but not the other tested putative biomarkers, and EGF correlated negatively with hyperactivity (r = −0.32; P = 0.04), gross motor skills (r = −0.37; P = 0.02) and tip toeing (r = −0.37; P = 0.02), but not the other symptoms.
Discussion
EGF is involved in growth and differentiation of cells of the CNS and the gastrointestinal tract. The growth factor has been found to cause proliferation, differentiation, and migration of neural progenitor cells and is associated with the differentiation of these cells into astrocytes and neurons. 22 EGF appears to be necessary for normal development of intestinal mucosa. Mice deficient in EGF receptor suffer from symptoms similar to necrotizing enterocolitis, 23 and EGF promotes wound healing in animal models of ulcerative colitis. 24 Recently, EGF has been shown to have antiinflammatory effects on the immature human intestine. 25 Increased serum levels of HMGB1 protein have been found in patients with autistic disorder. 26 We have also found significantly increased plasma HMGB1 in our autistic group (P = 0.02; unpublished data).
In this study, we have found significantly decreased EGF plasma levels, which correlate with increased HMGB1 levels, as well as increased hyperactivity symptoms, in autistic children. We also found that children with PDD had significantly lower EGF when compared with controls. These levels were not, however, as low as the EGF plasma levels. Because PDD-NOS individuals were diagnosed (DSM-IV) with symptoms less severe than symptoms of children with autism, this suggests a relationship between decreased EGF and severity of disease.
We previously reported that autistic children (mean age of approximately 10 years) with severe gastrointestinal (GI) disease had significantly decreased levels of HGF. 26 The same autistic group had significantly increased plasma levels of GABA and HGF levels correlated with increased GABA levels, but these concentrations did not correlate significantly with any symptom severity (unpublished data). Since the results of this report suggest that EGF correlates with hyperactivity related symptoms, and HGF does not correlate with symptoms, it is reasonable to suggest that EGF is more important than HGF as a putative biomarker.
GABA is the most abundant inhibitory neurotransmitter in the mammalian brain, where it is widely distributed. 29 HGF has been shown to modulate GABAergic activity 28 and enhance NMDA currents in the hippocampus. 30 uPAR encodes an urokinase plasminogen activator (uPA) which is required for the proper processing of the HGF. 28 GABA is released by interneurons, which contain the GABA synthesizing enzymes glutamic acid decarboxylase 65 (GAD2) and GAD67. These enzymes convert glutamate into GABA. 31 We found a correlation between decreased EGF and increased GABA in children with autism. However, we did not find any correlation between EGF levels and any of these GABA modulatory molecules. This suggests that EGF deficiency may not be associated with HGF or glutamate processing to GABA formation in children with autism.
Recent findings that immune cells synthesize GABA and have the machinery for GABA catabolism, and that antigen-presenting cells (APCs) express functional GABA receptors and respond electrophysiologically to GABA, suggest that the immune system harbors all of the necessary constituents for GABA signaling and GABA itself may function as a paracrine or autocrine factor. 32 Our data suggest higher inflammation (HMGB1) and higher GABA plasma levels in autistic children. It is possible that inflammatory cells, resulting from increased inflammation, are involved in the increased synthesis of GABA. Since decreased EGF has been associated with inflammatory conditions such as colitis 23, 24 and has been shown to have antiinflammatory effects, 25 it is reasonable to suggest that low EGF could be associated with high inflammation in children with autism. Therefore, we suggest that increased GABA may be the result of decreased EGF, which results, in turn, in increased inflammation in children with autism.
We did not find a significant difference in plasma EGF levels between autistic children with GI disease and children without GI disease (unpublished data). This suggests that decreased EGF may be associated with increased inflammation but not necessarily with increased inflammation often associated with GI disease in children with autism.
We also found that decreased EGF is associated with hyperactivity, the tendency for tiptoeing and decreased gross motor skills in children with autism. Because of this, we suggest that EGF may play a significant role in the etiology of abnormal behavior in at least a subpopulation of autistic children.
In summary, our data support recent findings that EGF plasma levels in children with autism are significantly decreased. 27 We suggest that decreased EGF is associated with increased plasma GABA levels, possibly through increased inflammation, but not with GABA modulatory biomarkers related to HGF (uPAR, uPA) or GAD. We also suggest that EGF may play a significant role in the etiology of abnormal behavior in children with autism.
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